The primary objective of this research was to evaluate the impact of environmental air temperatures on the milk production of dairy cows. Therefore, the experiment was carried out at the height of summer (from 15 th of June to 15 th of September) in three small family dairy farms and one commercial dairy farm. In total, 51 dairy cows from the black-white breed were subjected to the study. The season of research was divided into three periods: the period before the hot season, the period of the hot season and the period after the hot season. In each period there were three test days selected that were used for recording the air temperature inside and outside the barns and cow's daily milk yield. Unvaried associations between the test day milk yield of cows and independent environmental and cow factors were done using the linear mixed model for repeated measurements. The statistical model showed that the farm management system and the hot season of the year had significant infl uence on daily milk yield per cow at the level of p<0.001. The test day per periods of the season when milk control was performed and the average test day environmental temperature showed statistically significant influence on daily milk yield per cow at level p<0.01. The present results revealed that environmental air temperatures contributes to considerable loss in the milk production of dairy cows.
INTRODUCTION
Over the past decades, improvements in genetic selection for milk production together with good management practices have resulted in increased milk production per cow (1) . Historically, genetic selection for increased milk production has resulted in reduced thermal tolerance. Moreover, higher
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Metodija Trajchev 1 , Dimitar Nakov 1 , Sreten Andonov milk production is increasing the rate of metabolic heat production due to an increased eating and drinking behavior, making the high yielding cows more vulnerable to heat stress than lower yielding ones (2, 3) . Environmental conditions, such as high air temperature and solar radiation are the main stress factors for dairy cows (4) . The etiology of heat stress consists in the failure to maintain core body thermo-neutrality in conditions of increasing ambient temperature and humidity. Exposure of dairy cows to a thermal environment is a major risk factor for decreased milk production, especially in high-yielding cows more than in low-yielding ones (2, 5) due to the combined accumulation of heat gained from the environment and metabolic heat. As body temperature rises, the cow enters heat stress. Consequently, in relation to the eating behavior in a hot environment, characterized by lowering feed consumption and increasing water intake as a result of metabolic adaptation to increased body temperature, high producing dairy cows in early lactation are more sensitive to heat stress and their milk production declines significantly (6) . When dairy cows are under heat stress, the accumulated heat exceeds the body capacity for heat loss by radiation, convection and conduction. In order to reduce the heat load of dairy cows reared under high ambient temperatures accompanied by higher metabolic heat production, additional cooling measures during the year season of thermal stress are required (5) . For the purpose of better acclimatization to a hot environment, high producing dairy cattle needs environmental improvements, such as comfort thermal zone inside barns. Dairy cows prefer a socalled "thermo-neutral zone", embracing ambient temperatures between 5 and 25.8 0 C, above which the cows expressed physiological disorders and enter heat stress (7) .
The manifestations of heat stress in dairy cows depend on the local climatic conditions and the specific management system on the farm. As accurate measurement and quantification of heat stress in a dairy cow is difficult, their occurrence in field studies was related to the ambient temperature surrounding cows, while the quantification was done using milk yields data (8) . In practice, the ambient air temperature inside barns is not being recorded ordinarily. With the aim to underline the necessity of thermo-neutral zone for increased milk production of dairy cows reared in different management systems, the primary objective of this research was screening the impact of environmental thermal stress in terms of milk yield losses of dairy cows reared in local conditions in the Republic of Macedonia.
MATERIAL AND METHODS
The experiment was carried out at the height of the summer (from 15 th of June to 15 th of September) in three small family dairy farms (farms 1, 2 and 3) and one commercial dairy farm (farm 4). The dairy farms are located in the region of Strumica, in the southeastern part of the Republic of Macedonia. The climatic condition in the Republic of Macedonia is Continental -Mediterranean, characterized with very hot and dry periods during the summer. The temperature rises up to 40 0 C during the summer season. In this zone, animals are exposed to a thermal environment for 3-5 months annually.
These farms have a different management system for production (M_S). The production management practice in farm 1 and 2 consists of tie-stalls and enclosed barns (M_S_A). The production management practice in farm 3 consists of a tie-stalls enclosed barn, but the cows were let out to graze between the morning and the evening milking (M_S_B). The milking of the cows in farm 1, 2 and 3 is performed with a transferable milking system. Furthermore, the production management practice in farm 4 consists of a loose-housing system and open barns (M_S_C). The milking of the cows is performed in a milking parlour. Cows had free access to water in the grazing field and in the rearing pens.
The farms 1, 2 and 3 do not have any cooling system, so the climatic conditions inside the barn are similar to the climatic conditions outside. The farm 4 has a cooling system consisting ofa combination of sprinklers and fans, so this farm was taken for the study as a control. Briefly, the cooling system composed of fans and sprinklers was consecutively activated to repeat cycles of wetting. But, obviously, this capacity for ventilation and cooling satisfied only 50% of the needed microclimatic conditions.
The cows were milked two times per day (morning and evening milking). However, there was an exception in farm 4, where the cows in the period of early lactation, from calving to the 3 rd month of lactation, were milked three times per day (morning, afternoon and evening milking). The test day milk yield per cow was estimated as the sum of the milk yield gained during the daily milking.
Totally 51 dairy cows from the black-white breed were subjects of the study: 12 cows reared in the management system M_S_A, 10 cows reared in the management system M_S_B and 29 cows reared in the management system M_S_C.
The season of research was divided into three periods: period before the hot season (season period 1 in year 2015 -S_P_115) beginning from 15 th of June to 15 th of July, the period of the hot season (season period 2 in year 2015 -S_P_215) beginning from 16 th of July to 15 th of August, and period after the hot season (season period 3 in year 2015 -S_P_315), from 16 th of August to 15 th of September. In each period, three test days were selected. This three test days by period of season (TD_1, TD_2, TD_3) were used for recording the test day milk yield (TDMY) and for measurement of temperatures in three daily points for calculation of the average test day ambient temperature inside barns (TDT_IN) and the average test day environmental temperature outside barns (TDT_OUT). Environmental air temperatures for the region of Strumica were obtained from the National Hydrometeorological Service of the Republic of Macedonia. The maximum distance between each farm and meteorological weather station located in that region was around 20 km.
The average test day ambient temperature (TDT) was estimated using the equation:
where: T 7am =air temperature in о С measured in 7 am; T 2pm =air temperature in о С measured in 2 pm; T 9pm =air temperature in о С measured in 9 pm.
The dairy cows in farm 1, 2 and 4 were fed with a mixed ratio of roughage/concentrate. The amount of the roughage/concentrate ration of diet was based on individual cow's requirements, calculating individual milk production. The dairy cows in farm 3 were fed with grazed roughage ad libitum. Water was available at all times throughout the experiment, so the watering of animals was ad libitum.
The ration was modified during the trial according to the scores of the milk production and the body condition of the cows.
Univaried associations between the test day milk yield of cows and independent environmental and cow factors was done using a linear mixed model for repeated measurements. The model includes the individual cow as the random effect. Following regression analysis, the significant differences in mean values for test day milk yield between groups were estimated by the Bonferoni significant difference test.
The model was:
where: Y ijklmn = the dependent variable; μ = overall mean, F_M i = fixed effect of farm management (I = 1, 2, 3); S_P j = fixed effect of periods before, during and after the hot season (j = 1, 2, 3); TD k = test day per periods of season when milk control was performed (k = 1, 2, 3); b l (TDT_IN) = regression coefficient for covariance of measured average test day ambient temperature inside barns; c m (TDT_OUT) = regression coefficient for covariance of measured average test day environmental temperature; e ijklmn = random error.
RESULTS
Variations of the test day air temperatures inside the barns and test day air temperatures in the environment outside the barns during the trial, related to the periods before, during and after hot season are shown in Figure 1 .
The period of the hot season was characterized with higher ambient temperatures inside the barns which ranged from 28.50 0 C to 32.50 0 C compared with the periods before and after the hot season. Also, the environmental air temperatures in the period of the hot season were higher, ranging from 28.50 0 C to 30.60 0 C. The period after the hot season was characterized with significantly lower air temperatures compared to the previous periods.
Variations of test day milk yield per cow depending on the management system and periods related to the hot season of year, are shown on Figure 2 . The effect of thermal environment on daily milk yield of dairy cows Generally, during the trial period, the highest daily milk yield per cow was recorded for the cow population reared in the management system M_S_C and the lowest ones were recorded for the cow population in management system M_S_B. The average daily milk yield per cow recorded for the population reared in the management system M_S_A were somewhere between the data recorded in M_S_B and M_S_C. It was obvious that the recorded values for the daily milk yields per cow in all of the management systems during the period of the hot season were lower than values recorded in the previous period.
In the period after the hot season, the data for daily milk yield per cow for the population in M_S_A and M_S_C showed a trend of continuous Table 1 , the results are shown from the statistical model used for the determination the influence of fixed environmental and cow factors on daily milk yield per cow.
The statistical model showed that there was a significant influence at a level of p<0.001 for farm management systems and periods before, during and after the hot season. The test day per periods when milk control was performed and the average test day environmental air temperature outside barns showed statistical significant influence on daily milk yield per cow at a level p<0.01.
There were statistically significant differences in mean values for daily milk yield of cows reared in different management systems (Table 2) . Table 2 . Bonferoni test for difference in mean values for daily milk yield of cows reared in three different management systems
M_S
Concerning the hot seasons when cows were exposed to environmental thermal stress, there were statistically significant differences in the mean value for daily milk yield of cows in the period before thehot season compared to the periods during and after the hot season ( The Bonferoni test showed a statistically significant difference in daily milk yield per cow measured in the first and the second test day compared to the milk yield measured in the third test day (Table 4) . 
DISCUSSION
The Republic of Macedonia belongs to the Mediterranean climatic zone, characterized with very hot and dry periods during summer with an air temperature peak around 45 0 C. Annual exposition of animals to environmental heat stress lastsfor 3-5 months. Apart from the climatic conditions, the microclimatic conditions inside the barns and their management also influences heat stress occurrence *significant at level p<0.05 in dairy cows. Therefore, high producing dairy cows need comfort thermal zone inside barns. Due to climate changes, the cattle are more often exposed to environmental thermal stress compromising their ability to adequately regulate internal body temperature and maintain all physiological and immunological functions (9) . One of the greatest challenges concerning dairy farmers is effective dairy cow management and milk production in the hot season.
The thermal environment is a major risk factor for declining of milk production, especially for dairy cows of high genetic merit. Quantifying direct environmental effects on milk production is difficult because milk production has a multifactorial determination by several factors, such as nutritional management and other genetic and paragenetic factors.
An abundance of research has been conducted to alleviate the negative effect of heat stress on milk production, whereupon the main question was the determination of lower temperature when dairy cows currently start experiencing heat stress considering their physiological and productive status. In most studies the temperature-humidity index is used as an indicator of heat stress (10) . Using only air temperature data as an indicator for heat stress gives an opportunity for replacing the data from meteorological stations with the on-farm level data, whereas milk losses can be estimated by calculations based on the duration of the hot season.
The negative effect of thermal environmental stress occurs when the average daily air temperature is higher than the upper critical temperature for milk production ranging from 16 to 20 0 C (8). However, the maximum critical temperature can vary due to the physiological status of cow in correlation with environmental factors.
Some literature data reported the positive correlation between high environmental temperatures and decreased milk production (11) . The results from the trial clearly indicate that heat stress significantly decreases milk production in dairy cows. The decrease in milk production of heat stressed cows was expected and consistent with previous reports (12) . According to Silanikove et al. (13) , exposure to environmental thermal stress induced a fast reduction in milk yield within 24 hours. The higher yielding dairy cows are more sensitive to the thermal environment and heat stress than the lower-yielding herdmates. Coppock et al. (14) concluded that high-yielding dairy cows are more affected because of lower thermo-neutral zone shifts then milk production, feed intake, and metabolic rate increase. Consequently, homeostatic thermoregulatory mechanism delivered by lower feed consumption and increased water intake is the direct reason for decreased milk production (15) .
Even though the physiological mechanisms are unclear, it is believed that these metabolic modifications under heat stress during lactation account for approximately 50% of the milk production loss observed (6), whereas decreased dry matter intake (DMI) explains the remainder of the depressed milk yield (16) . Also, it was found that the stage of lactation has a negative influence on milk production under the environmental condition of heat stress (17) .
Environmental heat stress has a long lasting effect on milk productivity of dairy cows and the losses were greater in higher yielding cows. If we take into consideration the whole trial period, then the losses of milk yield during the period of environmental heat stress were even higher and the cows recovered slowly from heat stress. Therefore, higher yielding dairy cows need a longer period of acclimatization to reach milk production on a level similar to the one before the heat stress. Settivary et al. (18) indicate that negative effect of heat stress on milk production is delayed up to 4 days after the end of an induced thermal stress. Heat stress compromises lactational performance not only when occurring during lactation (5), but also during the nonlactating period before parturition.
During the trial, the environmental air temperature very often was lower than the air temperature measured inside the barns. Therefore, the ambient temperature inside the barns in the height of the day was above the critical temperature, even when the average air temperature outside the barn was under the critical value. This indicates that the cows should be kept inside the barns during the hot season at least if the barns are adequately cooled. Heat environmental stress can be moderated by numerous management techniques. Previous reports showed that grazing dairy cows have been harmfully affected by direct solar radiation and high environmental temperatures, and the upper critical temperature for peak lactating dairy cows is considered to be as low as 25°C (19) . The impact of heat stress on grazing dairy cows has been alleviated by using shades, which have beneficial effects on feed intake, milk yield and metabolic homeostasis (20) . Other cooling procedures used on dairy farms included systems of sprinklers and fans.
Generally, feeding modifications, environmental conditioning and genetic selection for heat tolerance remain the 3 best strategies to avoid the negative effects of heat stress on dairy cattle (1) . The present findings of the compromised milk production of dairy cows during thermal environmental stress may stimulate agricultural engineers and farmers to improve internal barn designs as a method for effective control of ambient condition for providing comfort thermal zone for dairy cows during hot environments. This will increase milk production and farm profitability in hot seasons. Higher heat production inside barns requires additional measures for cooling a cow during periods of environmental thermal stress (4). Keister et al. (21) and Valtorta and Gallardo (22) reported that the milk yield was significantly improved by the installation of cooling systems in the holding pen.
CONCLUSION
The environmental heat stress contributes toconsiderable loss in the milk production of the dairy cows. The farm management system and high environmental temperatures during the hot season had statistically significant influence on daily milk yield. The results from this trial can be a good basis for future quantification of the physiological effects of climatic changes on high-producing cows.
